Background {#Sec1}
==========

As is well known, in the theory of population dynamical models there are two kinds of mathematical models: the continuous-time models described by differential equations, and the discrete time models described by difference equations. In recent years more and more attention is being paid to discrete time population models. The reasons are as follows: First, the discrete time models are more appropriate than the continuous time models when populations have non-overlapping generations, or the number of population is small. Second, we can get more accurate numerical simulations results from discrete time models. Moreover, the numerical simulations of continuous-time models are obtained by discretizing the models. At last, the discrete-time models have rich dynamical behaviors as compared to continuous time models. Predator-prey models have already received much attention during last few years. For example, the stability, permanence and the existence of periodic solutions of the predator-prey models are studied in Fazly ([@CR4]), Hu and Zhang ([@CR8]), Liu ([@CR24]), Xia et al. ([@CR28]) and Yang and Li ([@CR29]). Study of discrete dynamical behavior of systems is usually focus on boundedness and persistence, existence and uniqueness of equilibria, periodicity, and there local and global stability (see for example, Khan and Qureshi [@CR21], [@CR19], [@CR20], [@CR22], [@CR17]; Kalabuŝić et al. [@CR16]; Khan [@CR18]; Ibrahim and El-Moneam [@CR11]; Kalabuŝić et al. [@CR14]; Elsayed and Ibrahim [@CR2], [@CR3]; Garić-Demirović et al. [@CR6]; Qureshi and Khan [@CR25]; Kalabuŝić et al. [@CR15]; Ibrahim [@CR12]; Ibrahim and Touafek [@CR10]) but there are many articles that discuss the dynamical behavior of discrete-time models for exploring the possibility of bifurcation and chaos phenomena (Hu et al. [@CR9]; Sen et al. [@CR26]; Chen and Changming [@CR1]; Gakkhar and Singh [@CR5]; Jing and Yang [@CR13]; Zhang et al. [@CR30]; Smith [@CR27]).

We consider the following discrete predator-prey model described by difference equations which was proposed by Smith et al. ([@CR27]):$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} x_{n+1} = \alpha x_n(1-x_n)- x_ny_n,\quad y_{n+1} = \frac{1 }{\beta }x_ny_n, \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
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                \begin{document}$$y_n$$\end{document}$ denotes the numbers of prey and predator respectively. Moreover the parameters $\documentclass[12pt]{minimal}
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                \begin{document}$$ x_0,\ y_0$$\end{document}$ are positive real numbers.

The organization of the paper is as follows: In Sect. "[Existence of equilibria and local stability](#Sec2){ref-type="sec"}", we discuss the existence and local stability of equilibria for system ([1](#Equ1){ref-type=""}) in $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathbb {R}_+^2$$\end{document}$. This also include the specific parametric condition for the existence of Neimark-Sacker bifurcation of the system ([1](#Equ1){ref-type=""}). In Sect. "[Neimark-Sacker bifurcation](#Sec3){ref-type="sec"}", we study the Neimark-Sacker bifurcation by choosing $\documentclass[12pt]{minimal}
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                \begin{document}$$\alpha $$\end{document}$ as a bifurcation parameter. In Sect. "[Numerical simulations](#Sec4){ref-type="sec"}", numerical simulations are presented to verify theocratical discussion. Finally a brief conclusion is given in Sect. "[Conclusion](#Sec5){ref-type="sec"}".

Existence of equilibria and local stability {#Sec2}
===========================================

In this section, we will study the existence and stability of equilibria of system ([1](#Equ1){ref-type=""}) in the close first quadrant $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathbb {R}^2_{+}$$\end{document}$. So, we can summarized the results about the existence of equilibria of system ([1](#Equ1){ref-type=""}) as follows:

**Lemma 2.1** {#FPar1}
-------------

(i)*System* ([1](#Equ1){ref-type=""})*has a unique equilibriumO(0, 0) if*$\documentclass[12pt]{minimal}
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Now we will study the dynamics of system ([1](#Equ1){ref-type=""}) about these equilibria. The Jacobian matrix of linearized system of ([1](#Equ1){ref-type=""}) about the equilibrium (*x*, *y*) is$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} J=\left( \begin{array}{cc} \alpha -2\alpha x-y&{} -x\\ \frac{1}{\beta }y&{} \frac{1}{\beta }x \end{array} \right) . \end{aligned}$$\end{document}$$The characteristic equation of the Jacobian matrix *J* of linearized system of ([1](#Equ1){ref-type=""}) about the unique positive equilibrium $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \Delta\;=\;&  p^2-4q,\\\;=\;& (\alpha \beta +2)^2-4\alpha . \end{aligned}$$\end{document}$$Now we will state the topological classification of these equilibria as follows:

**Lemma 2.2** {#FPar2}
-------------

(i)*For the equilibrium pointO*(0, 0),*following topological classification holds:O(0, 0) is a sink if*$\documentclass[12pt]{minimal}
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**Lemma 2.3** {#FPar3}
-------------
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From Lemmas [2.2](#FPar2){ref-type="sec"} and [2.3](#FPar3){ref-type="sec"}, we summarize the local dynamics of system ([1](#Equ1){ref-type=""}) as follows:

**Theorem 2.4** {#FPar4}
---------------
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In the following section, we will study the Neimark-Sacker bifurcation about the unique positive equilibrium $\documentclass[12pt]{minimal}
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Neimark-Sacker bifurcation {#Sec3}
==========================

From Lemma [2.3](#FPar3){ref-type="sec"}, it is established that $\documentclass[12pt]{minimal}
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The characteristic equation of the Jacobian matrix of linearized system of ([5](#Equ5){ref-type=""}) about the unique positive equilibrium $\documentclass[12pt]{minimal}
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Numerical simulations {#Sec4}
=====================

In this section, we will give some numerical simulations for the system ([1](#Equ1){ref-type=""}) to support our theoretical results. If we choose $\documentclass[12pt]{minimal}
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Conclusion {#Sec5}
==========

This work is related to stability and bifurcation analysis of a discrete predator-pray model. We proved that system ([1](#Equ1){ref-type=""}) have two equilibria namely (0, 0) and $\documentclass[12pt]{minimal}
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